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INTRODUCTION 
In its simplest terms, the design of flexible pavements involves determining the 
t hkl,mess of high bearing capacity material that will be sufficient to distribute any 
expected unit loading over the subgrade without the subgrade's being excessively 
deformed. Both traffic weight and traffic volume have to be considered since both 
degree and repetition of deformation contribute to failure. 
In 1948 the Research Division of the Kentucky Department of Highways 
performed an extensive series of tests of existing Hevible pavements and their 
underlying subgrade soils in order to set up design standards for Kentucky. The 
major factors considered in these tests were traffic, thickness of pavement sh·ucture, 
bearing capacity of the subgrade soil, and pavement condition. 
All traffic was reduced to equivalent 5,000-lb. wheel loads in order to obtain 
a weighted effect of the various size loads encountered and grouped according to 
cumulative EWLs. Bearing capacity was measured in the field by CRR, ND cone 
and plates and in the labora tory by CBR. For practical reasons, laboratory nlini-
mum CBR was taken as the beaiing capacity criterion, since this value could be 
more easily established prior to pavement design than fi eld measuremeuts, and was 
more reliable th an the other laboratory bearing values examined. 
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FLEXIBLE PAVEMENT DESIGN CUR~ES 
Fig. 1.-Design Curves Developed from the 1948 Study. 
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Fig . 2.-Testing Sample in Enlarged Version of the CBR Mold. 
The bearing value of the subgrade was plotted against total thickness of pave-
ment. Traffic values and pavement performance were obtained for each location. 
The curve for each traffic group was then drawn so as to divide as nearly as 
possible the fai led and unfailed samples. The curves resulting from this study have 
since been used to design Kentucky's flexible pavements. Although curves from 
five traffic groups were drawn from the original study, curves for additional traffic 
groups have since been added. 
A design chart which reduces thickness design variables to bearing capacity, 
traffi c, and pavement thickness must have included the effect of many other vari-
able conditions. Some of these exert tremendous influence upon pavement per-
formance whi le others are of minor importance. Of major importance are climate, 
with its variations in rainfall , temperature, and frost penetration ; and maintenance, 
including maintenance of drainage facilities and shoulders as well as of surfaces. 
Design charts based on performance do include the effects of these conditions but 
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may be useful only in the area where the performance is taken; e.g., Kentucky's 
design courves which are derived from the performance of roads in all sections of 
the state have included in them an average value, for the state, of all variables not 
measured directly. 
The Research Division is presently conducting a study which is intended to 
verify or modify the ori ginal curves and to provide infom1 ation on the higher 
volumes and weights of tra ffic now being encountered. This information is being 
obtained by studying the performance of roads which have been designed by the 
above metlwd. This study also includes a comparative laboratory and field evalua-
tion of the base materials most commonly used in Kentucky. Since not all base 
materials have the same load transmission characteristi cs, it is q uite possible that 
an inch of one material might be as effective as more tl1an an inch of another in 
reducing the unit load transmitted to the subgrade. 
LABORATORY TESTING 
An enlarged version of the CBR mold was used for laboratory testing of base 
materi als. The specimen mold and penetration piston were fabricated in the same 
ration to maximum particle size as in the Standard CBR. For No. 2 stone, with 
a maximum size of 3-Jf inches, a mold diameter of 28 inches and a piston d iameter 
of 9.1 inches were required. Major reasons for choosing a CBR method of testing 
were that tltis method is normally used for testing subgrade soils and some base 
materials, and that is permits the specimen to be tested in the mold . This latter 
reason is quite important, since a 12- by 24-inch specimen would be required for 
a rational trimdal or unconfined compression test with the maximum particle size 
being tes ted. It would be difficult to handle this size specimen without damage 
after removal from the mold . 
Samples of bituminous base were obtai ned from tl1e contractors' hob.nix plants, 
haul ed to the laborato1y and compacted while still hot. The cauculated weight of 
material needed for a 4-Jf-inch lift was placed in the mold and compacted to that 
depth by a pneumatic tamper. This process was repeated until the total depth of 
18 inches was reached. The specimen was then pl11ced on the testing machine and 
a static load of 350 psi applied over the entite surfacefor leveling. After curing for 
a specified time the beating test with the 9.1 inch diameter piston was made. The 
load was recorded fo r each .025-inch penetration for tl1e first 0.1 inch penetration 
and for each 0.05 inch thereafter. The penetration rate was 0.05 inch per minute. 
Testing was continued until ( 1 ) the load no longer increased with penetration, ( 2) 
penetration reached 2 inches, or ( 3) the practical capacity of the testing machine 
was reached. 
After mixing with water in the laboratory revolving pan mixer, enough of the 
dense-graded aggregate for a 4-)f-inch compacted lift was weighted, placed in the 
mold and compacted by the pneum atic tamper. The 350 psi leveling load was 
applied after the final layer was in place. An attempt was made to compact the 
dense-graded aggregate at standard Proctor moisure; however, this moisture con-
tent was too high for the tamping compaction used and it was necessary to estab-
lish the correct moisture content by trial and error. After compaction the specimens 
were cured for one week at room conditions and then tested in the same manner 
as described fo r bituminous base. Moisture content samples were taken frcm the 
specimens immediately after testing. 
The soil tested was a Loradale clay-silt from the A horizon whi ch is composed 
of A-6 and A-7-6 soils. Minimum laboratory CBR for this soil was 4.3. The soil 
sample was prepared in the same way as the DGA execpt that it could be com-
pacted at standard Proctor moisture content. The soil specimens were tested im-
mediately after molding and samples were taken for determining moistu re content. 
The specimens of waterbound macadam were prepared by placing in the mold 
a sufficient amount of 1 o. 2 stone to make a compacted depth of 6 inches. The 
stone was then compacted and th e voids fi lled by working the No. 10 stone with 
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Fig . 3.-Map Showing ·,n the Present Study. · t Included Location of Proiec s 
Fig . 4.-Typical Wheel Track Rutting . 
the pneum atic tamper. The materi al was bonded by wetting and furth er compac-
tion. Three equal 6-inch lifts were placed in this way and then the 350 psi leveling 
load was applied. The specimens were cured for one week at room conditions and 
then tested in the same way as desc1;bed fo r the oth er materi als. 
Data derived from th~se tests are a bearing ratio fo r penetrations of 0.1, 0.2, 
0.3, 0.4, and 0.5 inches and a stress-deform ation cmve for the full range of testing. 
Used in conjunction with £eld data these data should provide infor mation on the 
relative merits of the base materials tested. 
FIELD TESTING 
There were four criteri a used in choosing the roads to be studied : ( 1 ) new 
base and pavement construction designed by CBR method, ( 2 ) length of at least 
one mi le, ( 3) location mainly in rural areas, ( 4) over one year of traffic use. A 
list of all projects meeting the criteria was compi led and from this li st 68 projects 
totaling 388.95 miles were chosen for furth er study. Thes projects were selected so 
as to give wide geologic and geographic coverage of the state with as many soil 
types represented as possible. Desgin data acquired fo r them included thickness 
by components, soils characteristics, anticipated traffic, and actual traffic to date. 
All roads chosen for study received a visual performance survey, and their rough-
ness measurements were taken with the Department of Highway's road roughness 
car. Frow these data certain projects were chosen for deflection measurements by 
use of the Benklemen Beam and some locations selected for field sampling and 
study. 
The visual survey was performed by two observers and a note-keeper driving 
slowly over the project and noting any fea tures pertinent to pavement performance. 
Frequent stops were made in order to make closer observations and to measure 
wheel track deformations . The deformations were measured from a straightedge 
laid across the traffic lane and included any effort of upheaval. In formation re-
corded included the location, nature, and extent of all patched, cracked, and 
failed areas; abnormal drainage conditions; fill settlements; slides; and general 
surface condi tions such as waviness, rutting, and the like. 
The car used fo r roughness measurements was equipped with an oscillograph 
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Fig. 5.-Primary Longitudinal Crack in a Wheel Track with 
Deve lopment of the Alligator Cracking Indicative of Base 
Failure. 
Fig . 6.-Use of the Benkleman Beam for Measuring Pavement Deflections Under Load. 
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to record the traces of vertical, longitudinal and transverse accelerations. Measure-
men ts were made in the lane of each project which was judged either to carry the 
most tarffic or to have the greates t amount of deformation in the wheel b·acks. 
The traces obtained were used for visual indications of relative roughness on 
different roads or in dilferent sections of any one road. The vertical b·ace was used 
to calculate average vertical jerks in 9's sec. for the entire road and also for average 
vertical jerks over short sections-for eventual correlation with soil d:rta, rutting, 
change in section, and the like. 
Defl ections of the pavement under load were mec1sured at locations chosen 
from the visual performance survey data. The pavement was defl ected by a truck 
loaded to 18,000 lbs. on th e re:i r axle and the defl ections measured by use of a 
Blenkleman Beam as shown in Figure 6. A series of such measurements was made 
dming the fall , when subgrade moisture would presumably be lowest, and another 
series will be made this spring to obtain deflections at the same points at a time 
wben subgrade moisture should be high. 
Locations for opening the pavement for furth er observation, sampling and 
testing were also chosen from the visual performance survey. The pavement will 
be opened the width of one lane, using a concrete saw in order to leave the implace 
material relatively undisturbed. This operation should provide information on the 
density of each pavement component both in wheel tracks and between wheel 
tracks, the nature and extent of rutting in each component, and samples for 
moisture content, classification , and bearing capacity of the subgrade soil. Of 
major interest will be an attempt to determine the extent to which the rutting 
penetrates the pavement structure or the subgrade soil. 
In order to facilitate analysis, design data and data from the dilferent field 
sur veys are being placed at their approximate locations on th e road roughness 
charts. This presents all known conditions about any section and should make any 
correlation between design data and perfom1ance data more readily apparent. 
The fi eld performance survey and road roughness measurements have been 
completed and the data compiled. One series of deflection measurements has been 
completed and the spring series of measurements should be under way this month. 
No pavements have been opened, but this operation will begin shortly. Traffic 
data compilation is practically complete. 
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